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The1997Nobel Prize inChemistrywasawarded to JensC.Skou for thediscoveryofNa+,K+-ATPase, but the high resolutioncrystal structureof
Na+,K+-ATPase has become available only recently. In thisminireview, Toyoshima et al. explain the reasons behind the challenges in studying
the structure of Na+,K+-ATPase, discuss the mechanistic details, and summarize current knowledge of this member of P-type ATPase family.
Real Space Refinement
PAGE 1739
X-ray crystallography is a cornerstone method for biomolecular structure determination. It is based on interpretation of diffraction patterns
obtainedwhen an X-ray beam interactswith the crystal lattice of the sample. Although themethodworkswell and has been hugely successful,
some challenges remain. Here, Ginzinger et al. describe an approach called canonical density expansion (CDE) for the real space refinement
of crystal structures, which yields improvements.
The Rates of Association
PAGE 1744
Cellular function depends on the numerous signaling networks composed of interacting proteins; therefore, association rate constants of
protein-protein interactions are of fundamental interest. Experimental determination of these constants can be difficult, however, and Qin
et al. now describe a computational approach for association rate constant calculation as well as a web server called TransComp (http://
pipe.sc.fsu.edu/transcomp/), which allows easy use.Autoactivation p21-Activated Protein Kinase
PAGE 1752
The p21-activated kinases (PAKs) are serine/threonine protein kinases that are regulated by autophos-
phorylation on the activation loop. This autocatalytic process remains poorly understood. Here,
Wang et al. describe crystal structures of both phosphorylated and unphosphorylated PAK1 kinase
domain. The structures suggest that both the inactive and active conformations are already populated
before phosphorylation and that phosphorylation shifts a pre-existing equilibrium towards the active
state.
Of Mice and Men: Common Assembly Principles
PAGE 1762
The hematopoietic colony stimulating factor-1 receptor (CSF-1R or FMS) is essential for the develop-
ment of diverse cell types central to the immune system. Elegheert et al. report a structural and mech-anistic analysis of the assembly of hematopoietic human andmouse CSF-1:CSF-1R complexes. Based on the structural analysis, the authors
arrive to a mechanistic consensus whereby bivalent cytokine binding to receptor and receptor-receptor interactions are common denomina-
tors in complex formation.
Two Active Sites for Hydrogenase Maturity
PAGE 1773
Biosynthesis and assembly of the NiFe(CN)2CO active center of [NiFe]-hydrogenases requires accessory proteins. The synthesis of the CN

ligands is catalyzed by combined actions of HypF and HypE using carbamoylphosphate as a substrate. The structure of the Escherichia coli
HypF(92-750), described by Petkun et al., comprises two nucleotide-binding sites sequestered in an internal cavity, facing each other. The
findings suggest a mechanism for converting a carbamoylphosphate to a carbamoyl adenylate intermediate and downstream intermediate
channeling.
Going Native
PAGE 1784
A critical difficulty of molecular dynamics (MD) simulations in protein structure refinement is that the physics-based energy landscape lacks
a middle-range funnel to guide nonnative conformations towards near-native states. Zhang et al. propose the use of target model as a probe
to identify fragmental analogs from the PDB and the distance maps to reshape the MD energy funnel.
In this way, structure models of correct folds can be pulled closer to native, demonstrating a way
to improve high-resolution structures by combining knowledge-based template information with
physics-based MD simulations.
Antibacterial Siderocalin with Multiple Punches
PAGE 1796
Corentti et al. describe a crystal structure of Ex-FABP, an avian lipocalin, providing details of its antimi-
crobial function. Ex-FABP is a siderocalin that binds and sequesters a wide range of bacterial sidero-
phores involved in iron acquisition, thereby starving pathogens of an essential nutrient. Ex-FABP also
binds a glycosylated form of the siderophore enterobactin, revealing a counter-response to bacterial
evasion of siderocalins. Additionally, Ex-FABP has a second binding site that extends through the
protein, specific for lysophosphatidic acid, potentially explaining biological functions of Ex-FABP
beyond antibacterial defense.Structure 19, December 7, 2011 ª2011 Elsevier Ltd All rights reserved vii
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Posttranslational modifications offer a dynamic way to regulate protein activity, subcellular localization, and stability. Here, Nishi et al. esti-
mate the effect of phosphorylation on protein binding in human proteome. The phosphorylation sites display a tendency to localize on binding
interfaces, and although the majority of phosphosites do not show significant stability differences upon phosphate group attachment, some
complexes show relatively large changes in binding energy. Interestingly, hemostasis pathways are found to be especially enriched in phos-
phoproteins and phosphosites.
PTB-Raver1 Interactions in Alternative Splicing
PAGE 1816
In eukaryotes, alternative splicing vastly increases the variety of functional proteins that can be generated. Joshi et al. now present cocrystal
structures of the complexes of RNA recognition motif 2 (RRM2) of the polypyrimidine tract binding protein (PTB) with peptide motifs from
Raver1. This structural analysis of PTB reveals an unusual mode of peptide-RRM interaction that puts new constraints on models of how
PTB works with Raver1 to achieve splicing regulation of the muscle gene a-tropomyosin.
Tandem SAM of Caskin1: Active Zone Organizer
PAGE 1826
Caskin1 is a neuronal scaffolding protein that binds to a second scaffolding protein CASK. Stafford et al. show that the tandem sterile alpha
motif (SAM) domains of Caskin1 form a polymer through favorable electrostatic interactions. The results suggest that Caskin1 may help form
the fibrous network organizing the active zone of neural synapses.viii Structure 19, December 7, 2011Protein-Peptide Recognition
PAGE 1837
Prediction and design of novel protein-peptide interactions will open broad opportunities in the fields of
biology, medicine, and pharmaceutical sciences; however, the mechanism of protein-peptide recogni-
tion is complex and currently not well understood. Dagliyan et al. propose amethod that simultaneously
predicts the binding pocket on the protein surface and the sequence of the peptide, allowing direct
observation of the atomistic details of protein-peptide interaction.
Regulating Enzyme Activity via Intrinsic Disorder
PAGE 1846
CP12 sequentially binds GAPDH and PRK to downregulate both enzymes. In this paper, Matsumura
et al. describe a crystal structure of the ternary GAPDH-CP12-NAD complex and reveal that CP12
covers the substrate binding site of GAPDH, explaining CP12-mediated GAPDH inhibition and theobservation that high NADP(H)/NAD(H) ratio leads to GAPDH-CP12 complex dissociation. An unexpected increase in negative charge poten-
tial, which emerged upon CP12 binding, suggests how the GAPDH-CP12 complex recruits the next binding partner, PRK.
Interconverting Architecture of aB-Crystallin
PAGE 1855
To overcome the polydispersity of the humanmolecular chaperone aB-crystallin that has frustrated previous structural biology interrogations,
Baldwin et al. have devised a ‘‘hybrid’’ methodology which combines information from advanced mass spectrometry approaches, nuclear
magnetic resonance spectroscopy, and electron microscopy. The ensuing structures rationalize how aB-crystallin populates an ensemble
of oligomeric states at equilibrium, a property vital to its role in the cell.Wrench-like Architecture for IL-5Ra
PAGE 1864
Interleukin 5 (IL-5) is the key mediator of eosinophil granulocytes function, whose deregulation is char-
acteristic of hypereosinophilic diseases and presumably contributes to allergic asthma. To investigate
ligand-receptor recognition, Patino et al. determined the structure of IL-5 bound to IL-5Ra. IL-5 makes
contact to all three fibronectin III-like domains of IL-5Ra, with the receptor architecture resembling
a wrench, and mutagenesis provides evidence that this wrench-like architecture is likely preformed.
This structural information will serve to guide the efforts to develop IL-5 antagonists for treating asthma
and hypereosinophilic diseases.
Getting to Biofuels
PAGE 1876
Bisabolene was recently identified as the biosynthetic precursor to the novel biodiesel bisabolane.
Microbial bisabolene production was achieved using Abies grandis a-bisabolene synthase (AgBIS). McAndrew et al. report the AgBIS struc-
ture, a three-domain sesquiterpene synthase, crystallized in its apo form and bound to five inhibitors. The structure provides an important
stepping stone toward better understanding of the catalytic mechanism, terpene synthase evolution, and protein engineering efforts to
increase bisabolene production.ª2011 Elsevier Ltd All rights reserved
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Previous structure of the bacteriophage phiKZ virus showed that its tail organization in the extended state is similar to the well-studied bacte-
riophage T4 tail. Aksyuk et al. now describe a crystal structure of a tail sheath protein fragment of phiKZ, as well as crystal structures of two
prophage tail sheath proteins. Interestingly, all these structures have a similar fold despite low sequence identity. In addition, structural
rearrangement of the phiKZ tail sheath contraction was found to be similar to that of phage T4.Structure 19, December 7, 2011 ª2011 Elsevier Ltd All rights reserved ix
